ABSTRACT. Equid herpesvirus 9 (EHV-9) was isolated from a herd of Thomson's gazelles affected by encephalitis. The natural host of EHV-9 is unknown, but zebras are suspected to be the source of infection in gazelles. To prove this hypothesis, we analyzed 43 sera from Burchell's zebras (Equus burchelli) and 21 Thomson's gazelles (Gazella thomsoni) from the Serengeti ecosystem for neutralizing antibodies. Seven zebra sera were positive for EHV-1, EHV-9 and EHV-1 from Grevy's zebra strains T965 and T616. The trigeminal ganglia of 17 other Burchell's zebras and one Thomson's gazelle were tested by EHV-9 gB and EHV-1 ICP0-specific nested polymerase chain reaction (PCR). PCR sequencing confirmed that one zebra ganglion was positive for EHV-9. These results suggest that the Burchell's zebras were exposed to EHV-9 and latently infected. KEY WORDS: Burchell's zebra, Equid herpesvirus 9, latency, trigeminal ganglia.
Equid herpesvirus 9 (EHV-9) represents a neurotropic alpha-Herpesvirus isolated from a captive Thomson's gazelle (Gazella thomsoni) [11] . It is genetically closely related to EHV-1, which causes abortion, neonatal foal disease, neurological disease and more rarely rhinopneumonitis in horses [reviewed in 8, 14] . Transmission of EHV-1 occurs mainly through direct contact with an infectious discharge, aborted fetus or placenta. Experimental intranasal infection of mice, hamsters, rats, pigs, dogs and goats with EHV-9 induces fatal acute encephalitis with neuronal degeneration and necrosis [11, 17, 21, 23, 24] . In horses, however, only mild clinical symptoms and post mortem non-suppurative encephalitis have been observed [20] .
The pathway of EHV-9 to the central nervous system seems to be the same as shown for EHV-1. From the nasal mucosa, the virus travels via the trigeminal ganglia and/or olfactory bulb centripetally to the brain. In experimentally infected pigs, goats and hamsters, spread of EHV-9 is predominantly via the olfactory pathway [10, 16, 21] . In contrast to EHV-1, but in accordance with EHV-4, which causes rhinopneumonitis in horses, there seems to be no cell-associated viraemia or hematogenous spread after EHV-9 experimental infection in pigs, hamsters and goats. Nothing is known about the latency of EHV-9, but the trigeminal ganglion is most likely the site where the virus persists as shown for EHV-1 and EHV-4 [2, 19] and other alphaherpesviruses.
Herpesviruses closely related to EHV-1 can infect not only different captive species of zoo equids (Przewalski's wild horse, Damara zebra, Grant's zebra, Burchell's zebra, onager and domestic ass), but also non-equid species (fallow deer, cattle, blackbuck, alpacas, llamas, Thomson's gazelles and reticulated giraffe) [6, 7, 9, 18] . Herpesvirus isolates from the brains of Thomson's gazelles at the Knoxville Zoological Gardens and a zoological garden in Japan [11, 12, 15] were associated with acute encephalitis. Since the restriction enzyme digest profiles of the gazelle isolates are different from those of EHV-1 and the DNA identities of the genes encoding glycoproteins B and G were 97.5% and 92.4%, respectively, the gazelle isolates were classified as a new type of equine herpesvirus with strong neurotropism and were named EHV-9 [11] .
It is notable from studies of other neurotropic alphaherpesviruses that infections of non-natural hosts can cause fatal infections; therefore, it has been speculated that the gazelle is not the natural host of EHV-9 [20] . Because of the relatively high seroprevalence for EHV-9 among Burchell's zebras (Equus burchelli) from the Serengeti National Park [4] without evidence for disease mortality, we speculate that these equids, which share grazing areas with Thomson's gazelles in the Tanzania sector of the Serengeti ecosystem, might serve as the natural host for EHV-9. To test this hypothesis, sera and trigeminal ganglia of Burchell's zebras and Thomson's gazelles from Tanzania were analysed by neutralization test and virus-specific polymerase chain reaction (PCR).
In the Serengeti ecosystem, migratory Burchell's zebra are thought to number around 300,000. Other grazing species with which they are most closely associated during the annual migration between areas in Tanzania and Kenya include the Wildebeest (Connochaetes taurinus), Thom-son's gazelle (Gazella thomsoni), Grant's gazelle (Gazella granti) and Eland (Taurotragus oryx).
We collected 43 blood samples from Burchell's zebras and 21 blood samples from Thomson's gazelles at Serengeti National Park during a period spanning two years (2004) (2005) . Blood was collected into vacutainers. After clotting and centrifugation at 3,500 rpm for 10 min, the serum was decanted, stored in a freezer and transported in a liquid nitrogen-charged dry shipper between -20 and -70°C.
The following equine herpesvirus strains were used for calculation of neutralizing antibodies in the zebra and gazelle sera: EHV-1 (MAR87), EHV-9 (strain D49800) and EHV-1 Grevy's zebra strains T965 and T616. Neutralization tests (NT) were conducted with serial two-fold dilutions of complement inactivated serum as described previously [5] . The neutralization titer was calculated and expressed as the reciprocal of the dilution that neutralized 50% of the inoculated virus. As controls, positive and negative zebra reference sera were included. Five out of 19 zebra sera collected in 2004 and 2 out of 24 collected in 2005 had suspicious titers ranging from 1:10 to 1:20 against EHV-1, EHV-9 and the two zebra isolates (data not presented), indicating a recent infection or reactivation. None of the 21 gazelle sera contained neutralizing antibodies.
Sections of the ganglia were placed in 1.8 ml cryovials containing the aqueous tissue storage reagent 'RNAlater' (Sigma-Aldrich, St. Louis, MO, U.S.A.). In accordance with the product instructions, the samples were cooled gradually, first at 4°C for 24 hr and were then frozen at -20°C for storage. DNA was extracted from trigeminal ganglia by incubation of a small piece of the tissue with digestion buffer (1 mM EDTA, 50 mM Tris, 0.5% Tween 20, 0.2 mg/ ml proteinase K, pH 8.5) at 56°C overnight. One µg of extracted DNA was subjected to a virus-specific nested PCR (nPCR) to amplify sequences of the ICP0 gene of EHV-1, as described previously [3] , and the gB gene of EHV-9 [10] .
For detection of EHV-9 gB, each PCR reaction consisted of an initial denaturation step and 35 amplification cycles consisting of denaturation at 94°C for 30 sec, annealing at 70°C for 30 sec and extension at 72°C for 1 min using a MWG Hybaid OmniGene cycler (MWG Biotech, Ebersberg, Germany). The outer primer pair (P1 was 5 ' C C T C A G C C A A C C C A A G A T G 3 ' a n d P 2 w a s 5'GCATAATCACTGCGGTATTGTC3') enclosed the gene region between nucleotides 109 and 946. The inner primers (P3 was 5'GCAAACAACAGAGGGTCGGTAG3' and P4 was 5'CGGTCTTCCAAAAGGGTCAAG3') started at nt 568 and ended at position 791. The reaction mix (50 µl) contained 0.4 µM of each primer, 0.2 mM dNTPs, 1.5 U Taq Polymerase (Qiagen, Hilden, Germany) and 1x reaction buffer (Qiagen, Hilden, Germany). One µl of the amplification products was used as the template for the second round. While the EHV-9 gB nPCR is cross-reactive with EHV-1 and the zebra isolates, the ICP0 nPCR is type-specific and was used to differentiate between EHV-1 and EHV-9.
EHV-1 (strain Mar87), EHV-9 (Thomson's gazelle strains 94-173 from the Knoxville Zoological Gauclens and D49800 from a Japanese zoo), Grevy's zebra strains T-965 and T-616, strain T-529 isolated from an onager fetus and Ro-1 derived from a blackbuck were grown on equine dermal cells. The viruses in supernatants of infected cells were pelleted by ultracentrifugation through a 20% sucrose cushion, and viral DNA was extracted using the RTP DNA/RNA Virus Mini Kit (Invitek, Berlin, Germany). Purified viral DNA served as a positive control for nPCR and subsequent comparative sequence analysis.
Trigeminal ganglia are considered sites of latency and should be viral positive even in clinically healthy animals. In 2004, 10 trigeminal ganglia were collected from Burchell's zebras and 1 was collected from a Thomson's gazelle. All were EHV-1 and EHV-9 nPCR negative. However, 1 of the 7 trigeminal ganglia samples collected from Burchell's zebras in 2006 was nPCR negative for EHV-1 ICP0 but was nPCR positive for EHV-9 gB. This sample was from a male zebra found dead in Serengeti National Park; this was not suspected to be a predator kill. The zebra's age, determined from teeth eruption, was 4-4.5 years. The PCR results of samples were confirmed by blind PCR testing for the gl-gE intergenic region (Fukushi et al., unpublished) at an independent laboratory. No sera were available for any of these animals.
Comparative sequencing of the gB gene in EHV isolates was performed on gB DNA fragments amplified by a nested EHV-1 PCR cross-reactive with EHV-9, T-965 and T-616 as described previously [4] . The resulting PCR products span a 1.28 kb region of the gB gene (EHV-1 gene position 2329-3604). Sequencing of gB fragments was performed using the same primers described previously [1] and a fluorescent-labelled BigDye Terminator Cycle Sequencing Kit (ABI, Foster City, CA, U.S.A.). PCR amplification products were purified by treatment with ExoSAP-IT (USB Corporation, Cleveland, OH, U.S.A.) and were then subjected to fragment separation on a 3130xl Genetic Analyzer (ABI) according to manufacturer's instructions.
ClustalW [22] was used for sequence alignments. To calculate nucleotide Kimura 2-parameter distances, amino acid p-distances and neighbour-joining trees, we used the computer package MEGA v. 2.1 [13] . The significance of the branches was examined by bootstrap analysis (1000 replications) as implemented in MEGA.
We sequenced a 1,175 bp portion of the gB gene. Several available gB sequences of other equine herpes viruses were obtained from DNA databases for sequence comparisons and phylogenetic reconstructions: EHV-1 Mar87 . The sequence of EHV-1 strain AIV, generated in this study, was also included. All new sequences were deposited in the GenBank database (accession numbers EU087293-EU087297).
The phylogenetic tree ( Fig. 1) shows that zebra strain 1220 and EHV-9 strain D49800 form their own branch that is closely related to, but clearly separate from, the branch formed by the zebra, onager, blackbuck and gazelle 94-137 strains. Overall, within our amino acid alignment at positions 27, 56 and 182, we detected unique substitutions that separated the two sequences from all the other strains included in this study (Fig. 2) .
The amino acid sequence of the gB amplicon of the herpesvirus DNA present in the trigeminal ganglia of the Burchell's zebra is mostly related to EHV-9 strain D49800 with a four amino acids difference (98.9% identity), whereas the amino acid identity to all the other included strains range from 93.6% (EHV-4 strains) to 98.2% in comparison to zebra strains T616, T529 and gazelle strains 94-137. The 3 latter strains show complete homology with the recently described strains Ro-1 and T965 on both analysis levels (nucleotides and amino acids).
In a previous study, we found that 60% of Burchell's zebras from Tanzania were seropositive for EHV-9 [5] . In this paper, 16% tested positive. Neutralizing antibodies are short lasting and are insufficient for detection of latent carriers, but they can indicate recent exposure to EHV-9 or reactivation of the latent virus. Nevertheless, serology confirms the presence of EHV-9 in the zebra population. However, detection of viral DNA sequences almost identical to EHV-9 strain D49800 in a randomly selected trigeminal ganglia proves that this virus is latent in Burchell's zebras. Interestingly, gazelle herpesvirus strain D49800, isolated from a Japanese zoo, is more closely related to the isolate from the free-ranging Burchell's zebra from Tanzania. Further sequencing should provide more insight into the genetic homology among the several herpesvirus isolates. In addition, we will continue tissue sampling and attempt to not only detect viral genomes but also isolate the infectious virus for more detailed characterization.
In conclusion, we detected EHV-9 gB-specific sequences in the trigeminal ganglia of a Burchell's zebra from the Serengeti ecosystem, indicating that zebras may serve as a source of infectious herpesvirus not only for the gazelle but also the antelope in zoological gardens and free-ranging populations. 
